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Taking Chances 


INTRODUCTION 


Probability is not a spectator sport. We all think about the likelihood of an event: Will it snow 
in December? Who will win the World Series this year? What are the chances of a meteor 
falling on my house? 


When we think about the likelihood of an event we frame a theory (“A meteor will probably not 
fallon my house.”). Then we try out our theory on other people (“Do you think a meteor will fall 
on my house?”), collect data to check our hypothesis, analyze the data, and check it against 
Our experience. 


Taking Chances provides an opportunity for students to conduct probability experiments in 
their own classrooms. It is designed to develop students' understanding of the laws of chance 
and increase their knowledge of how those laws operate. 


In Taking Chances students learn how sampling with replacement produces different results 
from sampling without replacement by experimenting in four Work Rooms and two Quality 
Control Rooms. In each Work Room, students are presented with a machine that contains 
colored marbles. They are asked to predict how many of each color will fall out of the ma- 
chine. Some rooms have machines that sample and then replace the marbles, while in other 
rooms the marbles fall out and are not replaced. In the Quality Control Rooms, students make 
predictions based on given information. 


Mathematical Foundations 


Probability is an important mathematical topic, rich in theory and real world applications. The 
National Council of Teachers of Mathematics (NCTM), recognizing probability's importance, 
urges schools to increase students’ understanding of chance events. The Curriculum and 
Evaluation Standards, recently published by NCTM, says students should conduct probability 
experiments, record and analyze data, and reframe their theories to accommodate the data. 
But, in spite of its importance, probability seldom finds a place in the classroom. And when tt 
is taught, probability is presented as a set of formal equations, unrelated to daily life. 


Taking Chances and the accompanying lessons give students an opportunity to explore 
randomness and to predict the likelihood of events. First with a marble machine and then with 
everyday situations, students can build and test their own theories. They learn to record and 
interpret data, and recognize predictable patterns—skills they will need for a mature study of 
probability. 


Taking Chances, \Introduction 


Educational Foundations 


Piaget and other researchers have shown us that young children believe their thoughts deter- 
mine the outcome of an event. “If | wear a yellow hat, the sun will come out,” they say. So it 
is no wonder they find probability confusing. If an outcome does not match their expectations, 
they dismiss it or they believe they just have to concentrate harder. 


For example, Lillian, age 7, when working with Taking Chances, found that marbles she 
selected did not get ejected by the machine. She said, “This time | am going to make that 
marble fall out.” She was convinced that the marbles could obey or disobey her wishes. De- 
centering, or learning that they do not cause events, is an important cognitive step forward for 
children. 


As children begin to understand the laws governing the occurrence of events, they will become 
curious about those laws. Older children, with their ability to coordinate different bits of infor- 
mation, can understand more of probability than their younger brothers and sisters. But even 
then, children experience difficulties. Alexander, the 13-year-old brother of Lillian, saw that the 
machine was choosing marbles randomly and could talk about sampling without replacement, 
anticipating what would happen on the last turn of the machine. But when he chose the wrong 
machine in Quality Control Room 1 several times in a row, he said, “Now there's an error in the 
program.” His ability to coordinate information extended just so far. Taking Chances is de- 
signed to enhance children's ability to coordinate information by working systematically and 
collaboratively with probabilistic events. 


Child development researchers have also shown us that young children learn best by working 
with concrete problems. The activities in Taking Chances, both on- and off-computer activi- 
ties, provide children hands-on experience with chance events that will enhance their skills 
with probability. 


The Role of the Computer 


Computers are ideal tools for teaching probability. They can present simulations of events, 
keep track of students’ choices, reward correct choices, and provide helpful hints. The com- 
puter can also repeat the same problem over and over, allowing students the opportunity to 
explore probability. 


The computer isn't a teacher, but it can set up the teachable moment. Teachers can then 
begin a dialogue with students so that an understanding of randomness and chance is internal- 
ized and applied. 


If students are to work with probability situations and learn from them, they must be encour- 
aged to build and test theories, keep and analyze records, and interpret events. They must 
actively engage the computer-generated situations. The teacher sets the stage, the computer 
provides the examples, and the students grapple with the data. The combination of these three 
components will promote an understanding of probability. 


Problem Solving Skill Matrix 


® Simultaneous Scanning 


* Selecting 
Appropriate Notation 


® Identifying 
Multiple Solutions 


® Examining Assumptions 


® Working Backward 


® Using a Model 


* Focus Gambling 


* Consecutive Focusing 


® Estimating, Predicting, 
Mnemonic Projecting 


Systems 


® Scanning for Clues, Hints 
Visual 


Association * Restating the Problem 


to Part yang 


® Making Organized Lists 


Self Testing 
* Looking for a Pattern 
Creating or Sequence 
a Context 
— * Brainstorming 
Personalization 
. * Openness to Insight, 
Regrouping Flexibility 
* Auditory Aids * Successive Scanning 
Cc 
* Number ® Retrieval Strategies > |2 {2 
of Items S = jai 
to Remember | © Defined Concepts ® Information Gathering Ss x D> 8 
Lk j/a@ |O | w 
Sequence ® Discrimination ® Problem Findine ele lelie 
MEMORY COGNITIVE SKILLS COGNITIVE CREATIVIVTY 


CONTROL 
STRATEGIES 


DISCRIMINATION, 


ATTRIBUTES 
AND RULES 


This matrix was developed under a Title IVC grant to Rochester, MN, schools under the direction of Donna Stanger. 
The matrix is based on the works of Gagne, but also reflects Piaget, Guilford, Meeker, Bruner, Bloom, and Torrence. 
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Grade: 


Objectives: 


Time Required: 


Taking Chances 


PROGRAM OVERVIEW 


9 TAKING CHANCES 
meme Design: Gail Marshall 
Prosrant David Findley 


Press RETURN to continue. 


3 - adult 


¢ Develop intuitive ideas about the laws of probability 
¢ Test theories about probability laws 
¢ Record data and learn to analyze the data to predict events 


¢ Collaborate with other students and use manipulatives to increase 
understanding of probability 


All of the objectives can be realized with each activity. A combination of 
computer use, hands-on use of manipulatives, students’ individual and 
group exploration of the Work Rooms and Quality Control Rooms in 

the software, and direct instruction should be part of the instructional 
sequence. 


Individual computer activities can be accomplished in 10 to 25 minutes. 
Classroom activities may range from 15 to 40 minutes. 


Taking Chances 


PROGRAM DESCRIPTION 


Main Menu 


Taking Chances begins with a display of the MAIN MENU from which students may choose 
one of the six activities: Work Rooms 1, 2, 3 or 4 and Quality Control Rooms 1 or 2. Or, they 
may review the Instructions and then return to the MAIN MENU and choose a room. 


2| MAM PEM 


Work Room 1 
Work Room 2 


Hork Roon 3 


Work Roon 4 
Quality Control 1 
Quality Control 2 
Instructions 


se >, %, and J to choose. 
Press RETURN to continue. 


Students choose an activity by moving the selection box with the arrow keys («, >, T, 4 ) and 
then pressing RETURN on the Apple keyboard or GO on the Muppet Learning Keys”. 


The MAIN MENU can be accessed at any time during the program by pressing CONTROL-E. 


Taking Chances, Program Description 


Work Room 1 


Work Room 1 displays a machine filled with marbles. Students must decide which color 
marble is more /ikely to be ejected from the machine. The machines in this Work Room are set 
for sampling without replacement, that is, the marbles are not returned to the machine after 
they fall out. 


qoeeMrcccccccccsnescocrocceccsssccececcesscccanseccesacacccccccscocccccoccnccsecosccascuscncccouse CTY | 


Which color marble is 
more likely to fall out? 


students use the arrow keys (<, — ) to select the color marble and then press RETURN to 
activate the machine. A marble will fall out. 


"Try tf Iii He seees 
A, You ChoselO 
om You Got e 


Press RETURN to continue. 


Students then repeat the process until all the marbles are ejected. 


Taking Chances, Program Description 


When all the marbles are ejected from the machine, students will see a scoreboard that com- 
pares their predictions with the results. If students’ predictions match the results, they see a 
congratulatory message. 


You Chosei@ @ @ 
You Got Oe 8 


Different Set Hain Menu 


After the problem is completed, students are offered a choice of the SAME SET, a DIFFERENT 
SET, or returning to the MAIN MENU. SAME SET repeats the problem by producing the identi- 
cal set of marbles that was in the original machine. Therefore, students are allowed a second 
(or third, or more) test of predictions and outcomes. 


DIFFERENT SET produces a new machine with a different set of marbles. If the Teacher 
Option is set to SEQUENTIAL, the new machine will display one more marble than the previous 
machine. If the option is set to RANDOM, the new machine will display a randomly generated 
set of marbles. 


Taking Chances, Program Description 


After students have worked with a few machines, they'll be asked if they would like to go to the 
Quality Control Room. If they answer “Yes,” they'll automatically move to a Quality Control 
Room where they will have the opportunity to use their understanding of probability to interpret 
a scoreboard. If they answer “No,” students may select DIFFERENT SET or return to the 
MAIN MENU. 


Students may select another room or exit the program by returning to the MAIN MENU. 


Work Room 2 


Work Room 2 displays a machine filled with marbles. Students must decide which color 
marble is more likely to be ejected from the machine and predict how often it will fall out. The 
machines in Work Room 2 are set to sampling with replacement, that is, the marble leaves the 
chamber, makes a circuit, and then returns to the machine. 


Students use the arrow keys (<,-) to select the color of the marble most likely to fall out and 
then press RETURN. 


0 fanees csunnesceceacce coneeesescnens cccepenesenegas ce sepess cones se cnnnes cs snseescensescecennes fYbeenss 


Hhich color marble is 
nore likely to fall out? 


ys 


= SSse 
i 


Students then enter an estimate of the number of times they think the color they have chosen 
will fall out of the machine and press RETURN to activate the machine. 


om Out of 10 tries, 
mee how Hany will be white? 6_ 


Taking Chances, Program Description 


The machine will go through ten cycles, counting each cycle and recording the number of 
times the predicted color falls out. 


After the problem is completed, students are offered a choice of the SAME SET, a DIFFER- 
ENT SET, or returning to the MAIN MENU. SAME SET repeats the problem by producing the 
identical set of marbles that was in the original machine. Therefore, students are allowed a 
second (or third, or more) test of predictions and outcomes. 


DIFFERENT SET produces a new machine with a different set of marbles. If the Teacher 
Option is set to SEQUENTIAL, the new machine will display one more marble than the previ- 
ous machine. If the option is set to RANDOM, the new machine will display a randomly gener- 
ated set of marbles. 


After students have worked with a few machines, they'll be asked if they would like to go to the 
Quality Control Room. If they answer “Yes,” they'll automatically move to a Quality Control 
Room where they will have the opportunity to use their understanding of probability to interpret 
a scoreboard. If they answer “No,” students may select DIFFERENT SET or return to the 
MAIN MENU. 


Students may select another room or exit the program by returning to the MAIN MENU. 


Work Room 3 


Work Room 3 allows students to fill the machine with up to ten marbles, predict the color 
marble more likely to fall out of the machine on each turn, and check their predictions. Sam- 
pling of the marbles from the machines occurs without replacement in the machine. 


Taking Chances, Program Description 


Students must add at least one marble to the machine. They must use the arrow keys (<-,—) 
to select each marble and press RETURN when all the marbles have been added. 


“Fill the machine. : 
Pick your choice of marbles. 
Use € and — to choose. 


Press RETURN when done. 


Students now enter the color most likely to be ejected from the machine with the arrow keys. 
They must press RETURN to activate the machine and repeat the cycle of choosing and 
predicting until all the marbles have been ejected. 


(ecPPrererccoscccccsesnccocccccencccnccceseneceeneesoscccanecconececccccnoncanosooccsessoccescccoedvttese a 


? Which color marble is 
ool More likely to fall out? 


When the process is complete, a message appears on the screen. If the students’ predictions 
match those of the machine, they will see a congratulatory message. 


Different Set Main Menu 


Taking Chances, Program Description 


After the problem is completed, students are offered a choice of the SAME SET, a DIFFER- 
ENT SET, or returning to the MAIN MENU. SAME SET repeats the problem by producing the 
identical set of marbles that was in the original machine. Therefore, students are allowed a 
second (or third, or more) test of predictions and outcomes. 


DIFFERENT SET produces a new machine with a different set of marbles. 


Students may select another room or exit the program by returning to the MAIN MENU. 


Work Room 4 


Work Room 4 also allows students to fill the machine with up to ten marbles and predict which 
color marble is more likely to fall out of the machine. Then the machine goes through ten 
cycles of sampling the marbles and replacing them (i.e., sampling with replacement). 


guee Fill the machine. 0000000 0000000 00000 60008 F008 8808000 ECTR OSS OR 
Pick your choice of marbles. 
Use << and — to choose. 


Press RETURN when done. 


Students use the arrow keys (<,—>) to select each marble and press RETURN when all the 
marbles have been added. Students then choose the color marble which is more likely to be 
ejected by using the arrow and RETURN keys. 


9000 Fe 0000 000000500000 00000000000 0000000000 000000 000 0dee be Nee soe Fe ED Oe NERS EO DOSS OSLOROOONOED SONS Ahrecee 


Which color marble is 
more likely to fall out? 
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Taking Chances, Program Description 


Next, students must decide how many times that color marble will be ejected in ten tries. 


Out of 10 tries, 
hon many will be mhite? 8_ 


Students then press RETURN to activate the machine. Sampling with replacement will occur. 
After a marble is ejected it returns to the machine. When all the marbles have been ejected 
the scoreboard shows the prediction with the actual outcome. If students’ predictions match 
the results, they'll see a congratulatory message. 


After the problem is completed, students are offered a choice of the SAME SET, a DIFFER- 
ENT SET, or returning to the MAIN MENU. SAME SET repeats the problem by producing the 
identical set of marbles that was in the original machine. Therefore, students are allowed a 
second (or third, or more) test of predictions and outcomes. 


DIFFERENT SET produces a new machine with a different set of marbles. 


After students have worked with a few machines, they'll be asked if they would like to go to the 
Quality Control Rooms. If they answer “Yes,” they'll automatically move to a Quality Control 
Room. If they answer “No,” students may select SAME SET, a DIFFERENT SET, or return to 
the MAIN MENU. Students may select another room or exit the program by returning to the 
MAIN MENU. 
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Taking Chances, Program Description 


Quality Control Room 1 
Quality Control Room 1 shows a scoreboard and two machines. Sampling without replacement 


has occurred, that is, when marbles leave the machine they disappear. Students must decide 
which machine is more likely to have produced the scoreboard. 


You Chose/@® OO 
You Got O88 


Which machine roduced 
the result abov 


se € and —- to choose. 


Us 
Press RETURN when done. 


Students use the arrow keys (<-,—>) to select the machine most likely to have produced the 
scoreboard and press RETURN. Both correct and incorrect answers will result in a chance to 
work with the SAME SET (to review strategies), selecta DIFFERENT SET of machines and 
scoreboards, or return to the MAIN MENU. If students choose the incorrect machine several 
times, they will be given a chance to return to the Work Room and test the machine. 


When students choose a DIFFERENT SET they will receive a new scoreboard and a new set 
of machines. If the Teacher Option is set to SEQUENTIAL, each new set of machines will con- 
tain one more marble than the previous set of machines. If it is set to RANDOM, the computer 
will randomly generate a new set of machines. 
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Taking Chances, Program Description 


Quality Control Room 2 


Quality Control Room 2 also shows two machines and a scoreboard. Sampling with replace- 
ment has occurred, that is, after a marble has been ejected it returns to the machine. 


qeeen 


Predicted: 6 @ 


Which machine nore likely 
produced the result above? 


Can’t Tell 


Use €< and -— to choose. 
Press RETURN when done. 


Students must decide which of the machines is more likely to have produced the scoreboard. 
When there is a good chance, such as 50/50 or 60/40, that either machine could have produc- 
ed the scoreboard, then students should select CAN'T TELL. 


For example, CAN'T TELL is correct in the example below, because it is equally probable that 
5 white marbles were ejected from either machine. 


Predicted: 6 white out of 10 tries 
Got: 5 white out of 10 tries 


Or here, because it is equally improbable that 5 black marbles were ejected from either 
machine. 


Predicted: 5 black out of 10 tnes 
Got: 5 black out of 10 tries 
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Taking Chances, Program Description 


The CAN'T TELL choice is not correct here because it is more probable that 9 black would be 
ejected from the machine on the right since there are more black marbles in that machine. 


Predicted: 8 black out of 10 tries 
Got: 9 black out of 10 tries 


As students work in Quality Control Room 2, they will learn that it is not the prediction, but the 
actual outcome that will give them clues to select their answer. 


Students use the arrow keys (<-,—>) to select a machine or the CAN'T TELL option, and press 
RETURN to confirm their choice. After several incorrect choices, students will be given a 
chance to go the Work Room and test the machine. 


After each problem, students may choose SAME SET, which allows them to confirm predic- 
tions and to check the data by working with the same machines and scoreboard. Or, they may 
choose DIFFERENT SET to get a new scoreboard and a new set of machines. Ifthe Teacher 
Option is set to SEQUENTIAL, each new set of machines will contain one more marble than 
the previous set of machines. If it is set to RANDOM, the computer will randomly generate the 
marbles for the new machines. 


Students may also select another room or exit the program by returning to the MAIN MENU. 
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Taking Chances 


TEACHER OPTIONS 


The TEACHER OPTIONS can be accessed by pressing CONTROL-T while the Main Menu is 
displayed. Use the arrow keys and RETURN to choose each option. After making changes, 
select DONE and press RETURN. 


Tle i Al MES esa IE a dl Si -——— 


— SOUND: On 
KEYBOARD: Apple Keyboard 
PRESENTATION: Sequential 
BEARS: Don’t Display 
DONE 


Use firrons To Select. 


Press RETURN To Change Option. 


Sound 


Sound can be turned ON or OFF. 


Keyboard 


Taking Chances works on both the computer keyboard and the Muppet Learning Keys™. 


Presentation 


Problems may appear sequentially or randomly. SEQUENTIAL means that the machines in 
the Work Rooms and Quality Control Rooms will produce one more marble each time DIFFER- 
ENT SET is selected. RANDOM means that the number of marbles will be randomly chosen 
each time DIFFERENT SET is chosen. 
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Taking Chances, Teacher Options 


Bears 


Taking Chances features an animated bear (shown below) who works the machine if the 
teachers select DISPLAY ON. The bear may motivate younger children. Older children may 
prefer to work without the bear, in which case teachers should select DON'T DISPLAY. 


Oa Aareeeg 


Which color marble 
more likely to fall 1S At? 


1 


cia 


_ a I 


~ You ChoselO @ O 
nme You Got @#oo 


Which machine produced 
the result above? 


Use €< and — to choose. 
Press RETURN when done 


